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The people of the Eastern Himalayan regions of Nepal, Bhutan; and Darjeeling hills, Sikkim, Assam,
Arunachal Pradesh, Meghalaya, Tripura, Mizoram, and Manipur in North East India prepare and consume
different types of traditionally processed smoked/sun-dried/fermented/salted ﬁsh products. Suka ko
maacha and gnuchi are ethnic smoked and dried ﬁsh products; sidra and sukuti are sun-dried ﬁsh
products; ngari, hentak, tungtap, and shidal are fermented ﬁsh products; and karati, bordia, and lashim are
sun-dried and salted ﬁsh products. No ﬁsh sauce or shrimp products are prepared and used as condi-
ments in the local diet in the Eastern Himalayan regions.
Copyright © 2016, Korea Food Research Institute, Published by Elsevier. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
People living near coastal regions, lakes, and rivers preserve
perishable ﬁsh through fermentation, sun drying, smoking, and
salting without refrigeration, which are consumed as seasoning,
condiments, and side dishes [1]. Some of the ethnic ﬁsh products of
Asia are patis of the Philippines [2], nam-pla and plaa-raa of
Thailand [3], shottsuru and shiokara of Japan [4], jeot of Korea [5],
pindang of Indonesia [6], budu of Malaysia [7], and nga-pi of
Myanmar [8].
The Himalayan arc extends between latitudes 26200 and 35400
North, and between longitudes 74500 and 95400 East [9]. Based on
population and vegetation, the Eastern Himalayas includes eastern
Nepal, Bhutan, Tibet Autonomous Region in China, Darjeeling hills,
Sikkim, Arunachal Pradesh in India, and the hills of North East India
(Manipur, Mizoram, Nagaland, Tripura, and Assam). The river sys-
tems along with their tributaries in the Himalayas exhibit a wide
range of gradients from subtropical to alpine zones. Many indige-
nous species of ﬁsh are found in the rivers of Sikkim and Darjeeling
hills in India [10]. About 44 species of ﬁsh have been reported from
the rivers of Sikkim [11]. The Brahmaputra and its tributaries rivers
in Assam and Arunachal Pradesh in India contain more than 126
species of ﬁsh belonging to 26 families [12]. Logtake Lake in Man-
ipur has varieties of ichthyofauna mostly dominated by species of
Puntius, Channa, Labeo, etc. [13]. The present paper is aimed toSikkim Government College,
a.
titute, Published by Elsevier. This isdocument traditionally preserved and fermented ﬁsh products of
North East India, Nepal, and Bhutan.
2. Ethnic ﬁsh products
Seafood is uncommon to Nepal, Bhutan, and North East India. The
people of Nepal, Bhutan, and North East India catch the available ﬁsh
from the various sourcesdmainly rivers, streams, and lakesdand
consume fresh as well as traditionally preserved and fermented ﬁsh
products [9]. Some of these ﬁsh are preserved or processed using
centuries-old indigenous knowledge of fermentation/drying/smok-
ing. The ethnic people use their indigenous knowledge of ﬁsh
preservation and processing without using any extra chemicals.
Such ﬁsh processing techniques are still present in those regions or
villages that are located near water bodies with plenty of freshwater
ﬁsh. Some villagers sell them in the market area and are economi-
cally dependent. Many types of traditionally preserved ﬁsh products
have been noted, which are consumed in local diet by the people of
the regions (Table 1). These traditionally preserved ﬁsh products are:
gnuchi and suka ko maacha (smoked and sun-dried ﬁsh products),
sidra and sukuti (sun-dried/salted ﬁsh products) of eastern Nepal,
Darjeeling hills, and Sikkim in India, and Bhutan; ngari and hentak
(fermented ﬁsh products) of Manipur; tungtap (fermented ﬁsh
product) of Meghalaya; karati, bordia, and lashim (sun-dried and
salted ﬁsh products) of Assam; and shidal of Tripura (Fig. 1).
3. Gnuchi
Gnuchi is an ethnic smoked ﬁsh product of the Lepcha people of
Sikkim in India. During its preparation, ﬁsh (Schizothoraxan open access article under the CC BY-NC-ND license (http://creativecommons.org/
Table 1
Ethnic ﬁsh products of Nepal and North East India.
Products Substrate Nature and use Microorganisms Consumption areas References
Ayaiba Fish Smoked ﬁsh; pickle, curry Unknown Manipur, Mizoram [14]
Bordia Pseudeutropius atherinoides Dried, salted Lactococcus lactis, Leuconostoc
mesenteroides, Lactobacillus
plantarum, Bacillus subtilis, Bacillus
pumilus, Candida sp.
Assam, Manipur,
Mizoram, Arunachal
Pradesh
[15]
Chucha Small ﬁsh species (Gudusia chapra,
Amblypharyngodon mola,
Aspidoparia morar, Chela laubuca,
Puntius ticto, etc.)
Sun-dried ﬁsh product Unknown Assam [16]
Gnuchi Schizothorax spp., Labeo sp. Smoked L. plantarum, L. lactis,
L. mesenteroides, Candida bombicola,
Enterococcus faecium, Enterococcus
faecalis, Pediococcus pentosaceus,
Candida chiropterorum,
Saccharomycopsis sp.
Darjeeling hills, Sikkim [14]
Godak Puntius spp. Semifermented, nonsalted
product; 4e6 mo
fermentation; curry/pickle
Unknown Tripura [17]
Hentak Esomus danricus, petioles of Alocasia
macrorhiza
Fermented paste L. lactis, L. plantarum, Lactobacillus
fructosus, Lactobacillus amylophilus,
Lactobacillus coryniformis,
E. faecium, B. subtilis, B. pumilus,
Micrococcus sp., Candida sp.,
Saccharomycopsis sp.
Manipur [18]
Hidal Small ﬁsh Semifermented Unknown Assam [19]
Hukoti Small Dried; side dish Unknown Assam [20]
Japangangnagtsu Crab (Scylla sp.) with sesame Fermented; side dish Unknown Nagaland [21]
Karati Gudusua chapra Dried, salted L. lactis, L. mesenteroides, B. subtilis,
L. plantarum, B. pumilus, Candida sp.
Assam, Meghalaya [15]
Lashim Cirrhinus reba Dried, salted L. lactis, L. mesenteroides, B. subtilis,
L. plantarum, B. pumilus, Candida sp.
Assam, Meghalaya [15]
Lona Illis Indian shad (Tenualosa ilisha) Salted, fermented Staphylococcus aureus, Micrococcus
sp, Bacillus sp
Tripura [22]
Mio Fish Dried; curry Unknown Arunachal Pradesh [14]
Naakangba Fish Sun-dried; pickle, curry Unknown Manipur, Nagaland [14]
Naduba siyan Fish Sun-dried ﬁsh product Unknown Assam [16]
Nah-grain Small ﬁsh Dry, solid; pickle, curry Unknown Assam [24]
Namsing Puntius spp., Amblyphryngodon
mola, Channa spp., Mastacembellus
spp., Labeo bata, Anabus testideneus,
Colisa spp., Danio spp, Botia spp.,
etc. along with some plant
materials such as Colocasia
(Alocasia macrorhiza), Shizu leaves
(Euphorbia nerifolia), or Tage leaves
(Natsiatium herpeticum)
Sun dried ﬁsh products;
curry
Unknown Assam [25]
Ngari Puntius sophore Fermented L. lactis, L. plantarum, E. faecium,
L. fructosus, L. amylophilus,
L. coryniformis, B. subtilis, B. pumilus,
Bacillus indicus, Micrococcus sp.,
Staphylococcus cohnii subsp. Cohnii,
Staphylococcus carnosus,
Tetragenococcus halophilus subsp.
Flandriensis; Candida sp.,
Saccharomycopsis sp.
Manipur [18,26]
Sepaa Small ﬁsh Dried Unknown Tripura, Nagaland,
Arunachal Pradesh
[19]
Shidal Puntis Semifermented, nonsalted
product; 4e6 months
fermentation; curry/pickle
S. aureus, Micrococcus spp., Bacillus
spp., Escherichia coli
Tripura, Assam [19,27]
Sidra Puntius sarana Dried L. lactis, L. plantarum, E. faecium,
L. mesenteroides, E. facalis,
P. pentosaceus, Weissella confusa,
Candida chiropterorum, Candida
bombicola, Saccharomycopsis sp
Nepal, Bhutan, India
(Darjeeling hills,
Sikkim)
[28]
Suka ko maacha Schizothorax spp. Dried/smoked L. lactis, L. plantarum, E. faecium,
L. mesenteroides, E. facalis,
W. confusa, P. pentosaceus,
C. chiropterorum, C. bombicola,
Saccharomycopsis sp
Nepal, Bhutan, India
(Darjeeling hills,
Sikkim)
[28]
Sukuti Harpodon nehereus Dried, salted L. lactis, L. plantarum, E. faecium,
L. mesenteroides, E. facalis,
W. confusa, P. pentosaceus,
C. bombicola, C. chiropterorum,
Saccharomycopsis sp
Nepal, Bhutan, India
(Darjeeling hills,
Sikkim)
[28]
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Table 1 (continued )
Products Substrate Nature and use Microorganisms Consumption areas References
Tungtap Danio sp. Fermented L. lactis subsp. cremoris, L. plantarum,
E. faecium, L. fructosus,
L. amylophilus, L. corynifomis subsp.,
Lactobacillus puhozihii subsp.
Torquens, L. plantarum, B. subtilis,
B. pumilus, Micrococcus, yeasts-
species of Candida,
Saccharomycopsis.
Meghalaya [18,28,29]
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sp.) is collected from the river, kept on a big bamboo tray to drain
off water, degutted, thenmixed with salt and turmeric powder. Fish
are separated according to their size. The bigger sized ﬁsh are
selected and spread in an upside-down manner on sarhang and
kept above the earthen oven in the kitchen. The small sized ﬁsh are
hung one after the other on a bamboo strip above the earthen oven
and kept for 10e14 days (Fig. 2). Gnuchi is kept at room temperature
for 2e3 months and is eaten as curry. Microorganisms of gnuchi
include bacteria (Lactococcus lactis subsp. cremoris, L. lactis subsp.
lactis, Lactococcus plantarum, Leuconostoc mesenteroides, Entero-
coccus faecium, Enterococcus faecalis, Pediococcus pentosaceus), and
yeasts (Candida chiropterorum, C. bombicola, and Saccharomycopsis
spp.) [28].
4. Hentak
Hentak is an ethnic fermented ﬁsh paste of Manipur prepared
from a mixture of sun-dried ﬁsh powder and petioles of aroid
plants. Finger sized ﬁsh (Esomus danricus Hamilton) are washed
thoroughly, sun-dried, and crushed to powder, and petioles of
Alocasia macrorhiza are cut into pieces, washed and then exposed toNEPAL
BANGLADESH
CH
Sikkim
Darjeeling
Megh
Fig. 1. Map showing the production sites of traditionally preserved ﬁsh in the Eastern Himsunlight for 1 day (Fig. 3). An equal amount of the cut pieces of the
petioles of A. macrorhiza is mixed with powdered ﬁsh and a ball-
like thick paste is made, kept in an earthen pot, tightly sealed,
and is fermented for 7e9 days. Hentak is consumed as curry and is
also used as condiment. Sometimes it is given towomen in the ﬁnal
stages of pregnancy or to patients recovering from sickness or
injury.
Bacteria (L. lactis subsp. cremoris, L. plantarum, Enterococcus
faecium, Lactobacillus fructosus, Lactobacillus amylophilus, Lactoba-
cillus corynifomis subsp. Torquens, Lactobacillus plantarum, Bacillus
subtilis, Bacillus pumilus, and Micrococcus) and yeasts (species of
Candida and Saccharomycopsis) were isolated from hentak [18]. In
terms of nutritional value, hentak has moisture: 40.0%, pH: 6.5, ash:
15.0%, protein: 32.7%, fat: 13.6%, carbohydrate: 38.7%, food value:
408.0 kcal/100 g, Ca: 38.2 mg/100 g, Fe: 1.0 mg/100 g, Mg: 1.1 mg/
100 g, Mn: 1.4 mg/100 g, and Zn: 3.1 mg/100 g [31].
5. Karati, bordia, and lashim
Karati, bordia, and lashim are ethnic sun dried and salted ﬁsh
products of Assam. Fish is washed, and rubbed with salt and dried
in the sun for 4e7 days. The sun-dried ﬁsh products are stored atINA (Tibet)
Arunachal Pradesh
Assam
alaya
Manipur
Tripura
North-East INDIA
alayas. Red circles indicate the names of traditionally preserved ﬁsh in each region.
Fig. 2. Gnuchi. (A) Flow chart of traditional method of gnuchi preparation by Lepcha tribes of Darjeeling hills in India. (B) Sieving washed, degutted and turmeric-mixed ﬁsh in a
bamboo tray for smoking. (C) Smoking of ﬁsh above the kitchen oven for gnuchi preparation.
J Ethn Foods 2016; 3: 69e7772room temperature for 3e4 months for consumption (Fig. 4). Karati
is prepared from Gudusia chapra Hamilton, bordia from Pseudeu-
tropius atherinoides Bloch, and lashim from Cirrhinus reba Hamil-
ton. These ﬁsh products are eaten as a side-dish. Bacteria (L. lactis
subsp. cremoris, L. mesenteroides, L. plantarum; B. subtils, B. pum-
ilus) and yeast (Candida) were isolated from karati, bordia, and
lashim [15].Fig. 3. Hentak. (A) Flow chart of traditional method of hentak prepar6. Ngari
Ngari is a fermented ﬁsh product of Manipur consumed by the
Meitei. During its production, ﬁsh (Puntius sophore Hamilton) are
rubbed with salt, dried in the sun for 3e4 days, washed brieﬂy and
spread on bamboo mats. A layer of mustard oil is applied to the
inner wall of an earthen pot, which is ﬁlled with dried ﬁsh andation in Manipur in India. (B) Ball-like freshly prepared hentak.
Fig. 4. Karati/bordia/lashim. (A) Flow chart of preparation of some sun-dried and salted ﬁsh products (karati/ bordia/lashim) of Assam in India. (B) Fish products for sale in a local
market in Assam in India.
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airtight and then stored at room temperature for 4e6 months. It is
kept for more than a year at room temperature. Ngari is eaten daily
as a side dish with cooked rice. It is sold in local markets in earthen
pots.
The microbial composition of ngari includes bacteria (L. lactis
subsp. cremoris, L. plantarum, E. faecium, L. fructosus, L. amylophilus,Fig. 5. Ngari. (A) Flow chart of traditional method of ngari preparation in Manipur in India. (
earthen pot, ready for sale.L. corynifomis subsp. Torquens, L. plantarum, B. subtilis, B. pumilus,
and Micrococcus) and yeasts (species of Candida and Saccha-
romycopsi) [18]. Devi et al [26] reported several bacteria from ngari
using polymerase chain reaction-denaturing gradient gel electro-
phoresis gradient gel electrophoresis and ampliﬁed ribosomal DNA
restriction analysis-based grouping and 16S rRNA gene sequence
similarity analysis, such as the dominant bacteria StaphylococcusB) Dried ﬁsh in an earthen pot is pressed tightly by foot. (C) Four-month old ngari in an
J Ethn Foods 2016; 3: 69e7774cohnii subsp. cohnii (38.0%), Tetragenococcus halophilus subsp.
ﬂandriensis (16.8%), a novel phylotype related to Lactobacillus
pobuzihii (7.2%), E. faecium (7.2%), Bacillus indicus (6.3%), and
Staphylococcus carnosus (3.8%). The study showed the presence of
additional species, of which Kocuria halotolerans and Macrococcus
caseolyticus disappeared during fermentation while Clostridium
irregulare and Azorhizobium caulinodans were detected throughout
the fermentation [26]. The nutritional value of ngari includes
moisture: protein: 34.1%, fat: 13.2%, carbohydrate: 31.6%, 33.5%, pH:
6.2, ash: 21.1%, food value: 381.6 kcal/100 g, Ca: 41.7 mg/100 g, Fe:
0.9 mg/100 g, Mg: 0.8 mg/100 g, Mn: 0.6 mg/100 g, and Zn: 1.7 mg/
100 g [31].7. Shidal
Shidal is nonsalted and semifermented ethnic ﬁsh product of
Tripura prepared using minor carp (Puntius spp.) in specially
designed earthen pots. It has several local names such as seedal,
seepa, hidal, and shidol in Assam, Tripura, Arunachal Pradesh, and
Nagaland [24,31]. During preparation of shidal, Puntius spp. are sun-
dried, placed in vats/earthen pots and fermented naturally for 4e6
months under anaerobic condition until the product gains a char-
acteristic odor, texture, and appearance [32] (Fig. 6). Shidal is a
delicacy for most of the tribal, Bengali, and other people of Tripura
for its characteristic taste and ﬂavor. Staphylococcus aureus, Micro-
coccus spp., Bacillus spp., and Escherichia coli were isolated from
shidal [19,26,33].8. Sidra
Sidra is an ethnic sun-dried ﬁsh product commonly consumed in
Nepal, Bhutan and North East India including Darjeeling hills and
Sikkim. Fish (Puntius sarana Hamilton) are collected, washed, dried
in the sun for 4e7 days, and stored at room temperature for 3e4
months (Fig. 7). Sidra pickle is a popular dish. The microbial
composition of sidra includes bacteria (L. lactis subsp. cremoris,Fig. 6. Shidal. (A) Flow chart of traditional method of shidal preparaL. lactis subsp. lactis, L. plantarum, L. mesenteroides, E. faecium,
E. faecalis, P. pentosaceus, andWeissella confusa) and yeasts (Candida
chiropterorum, C. bombicola, and Saccharomycopsis spp.) [28].
9. Suka ko maacha
Traditionally smoked ﬁsh product in Nepal, Bhutan, and Sikkim
is called suka ko maacha. The hill river ﬁsh locally called dothay
asala (Schizothorax richardsoni Gray) and chuchay asala (Schizo-
thorax progastusMcClelland) are collected in a bamboo basket from
the river or streams, and are degutted, washed, and mixed with salt
and turmeric powder. Degutted ﬁsh are hooked in a bamboo-made
string and hung above the earthen oven in the kitchen for 7e10
days (Fig. 8). It can be preserved for 4e6 months and is eaten as
curry. Microorganisms of suka ko maacha include bacteria (L. lactis
subsp. cremoris, L. lactis subsp. lactis, L. plantarum, L. mesenteroides,
E. faecium, E. faecalis, and P. pentosaceus) and yeasts (Candida chi-
ropterorum, C. bombicola, and Saccharomycopsis spp.) [28].
10. Sukuti
Sukuti is another very popular ethnic sun-dried ﬁsh product
cuisine of Nepal, Bhutan and Darjeeling hills, and Sikkim. Fish
(Harpodon nehereus Hamilton) are collected, washed, rubbed with
salt, and dried in the sun for 4e7 days, and stored for 3e4 months
(Fig. 9). Sukuti is consumed as pickle, soup, and curry. It is also
commonly sold at local markets. L. lactis subsp. cremoris, L. lactis
subsp. lactis, L. plantarum, L. mesenteroides, E. faecium, E. faecalis,
P. pentosaceus, and yeasts (Candida chiropterorum, C. bombicola, and
Saccharomycopsis spp.) were isolated from sukuti [28].
11. Tungtap
Tungtap is an ethnic fermented ﬁsh paste of the Khasi in
Meghalaya. Sun-dried ﬁsh (Danio spp.) are washed brieﬂy, and
mixed with salt; sun-dried ﬁsh are kept in the earthen pot, madetion in Tripura in India. (B) Shidal paste inside an earthen pot.
Fig. 7. Sidra. (A) Flow chart of traditional method of sidra preparation in Sikkim in India. (B) Sidra ready for consumption. (C) Sidra pickle-grinded and mixed with dry-chilies, salt,
and ginger.
Fig. 8. Suka ko maacha. (A) Flow chart of traditional method of suka ko maacha preparation in Nepal. (B) Suka ko maacha is kept inside the bamboo-made closed basket locally called
perungo.
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pickle and curry. Bacteria (L. lactis subsp. cremoris, L. plantarum,
E. faecium, L. fructosus, L. amylophilus, L. corynifomis subsp. Torquens,
L. plantarum, L. puhozihii, B. subtilis, B. pumilus, and Micrococcus)
and yeasts (Candida and Saccharomycopsis) are present in tungtap
[18,28,29]. Nutritional value of tungtap includes moisture: protein:
32.0%, fat: 12.0%, carbohydrate: 37.1%, food value: 384.4 kcal/100 g,35.4%, pH: 6.2, ash: 18.9%, Ca: 25.8 mg/100 g, Fe: 0.9 mg/100 g, Mg:
1.6 mg/100 g, Mn: 0.8 mg/100 g, and Zn: 2.4 mg/100 g [31].
12. Conclusion
No ﬁsh sauce and shrimp products are prepared and used as
condiments in the local diet in the Eastern Himalayan regions. This
Fig. 9. Sukuti. (A) Flow chart of traditional method of sukuti preparation in Sikkim in India. (B) Sukuti ready for sale. (C) Sukuti pickle-fried and mixed with dry-red chillies, salt, and
ginger.
Fig. 10. Tungtap. (A) Flow chart of traditional method of tungtap preparation in Meghalaya in India. (B) Tungtap ready for sale.
J Ethn Foods 2016; 3: 69e7776may be due to use of spices to make curry instead of using any
tastemaker such as ﬁsh sauce. This process, although practiced only
by the villagers seems to be very efﬁcient as no insect infestation
occurs. Such ﬁsh preservation and processing techniques are still
practiced in those regions or villages that are located near water
bodies with plenty of freshwater ﬁsh. As the rural people manu-
facture the products during the appropriate season, they areregarded as a special dish for them. The ﬁsh products also seem to
be an important source of protein in the local diet. According to
some old people of the villages in these regions, interviewed during
the survey, suka ko maacha was produced in bulk in most of the
places in eastern part of Nepal near the river-sites, even in the low-
altitudes of rivers in Darjeeling hills and Sikkim in India up to the
1970s. Nowadays, production of these traditional preserved ﬁsh
N. Thapa / Ethnic fermented and preserved ﬁsh products 77products is conﬁned to limited areas and is hardly seen in the local
markets due to decline in the ﬁsh populations in hill rivers.
Traditional processing of perishable ﬁsh such as smoking, dry-
ing, salting, and fermentation are principal methods of bio-
preservation without refrigeration or addition of any synthetic
preservative in the Eastern Himalayas. Indigenous knowledge of
ethnic people for production of preserved ﬁsh for consumption is
worth documentation.Conﬂicts of interest
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